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[Name of Document] SPECIFICATION 

[Titl. Of the Invsntion] LIQUID cRysTAL device ^ pRojECTiQN 

DISPLAY APPARATUS , AND ELECTRONIC APPARATUS 
[Claims] 

tcui. i] a liquid crystal device colnprising: uquid orystai; ^ 

o f SUOS tr.t.s „„ ing aliglment £iiM Qn surfao8a thereo£i ^ 
oppo sing e.cn oth „ „ ith llguid ^^^^ provide theMbst _ n a 

o f serine lin . s; . plutality ^ iiMs: ^ ^ 

.x— t .nd . Pixel ...^ p _ id8d ±n aaoh of pix8i ^ ^ ^ 

the liMS and the dat . liMs _ Kher>in ^ pretut ^ ^ 

~s P .ct to e.cn of th . alignMnt £ilM ^ ^ ^ rMg6 rf ^ ^ 
30° . 

rcui. 2, * orystal devlo . a „ ordlng to ciain i# wh _ in ^ 

3J 4 liquid crystal device a=cording ^ ciain ^ ^ ^ 
«- t hickness of . lay „ of ths liqu±d =rystai ^ ^ ^ ^ 

suostr.t.s is represent . d fay d Md space between ^ ^ 

•lectrodes i. represented by L< d/J . a ; ^ ^ 

icui- 4J A liquid crystal de „ ic . according to om Qf ciaina i ^ ^ 

—in th . pil!el electrode is , light _ reflecting Mtai eieotrode 

IC1« 5, A Section type dlsplay apparatus =omt>iising a ^ 
=rm.l device .cording to one of cl,i ma , to , 

r«.i» 6J A projection tvp. display app „. tus oonprising! ^ ^ 
-urce, . ligh t modulating device f or m odni.tin g ligh t emitted f „. t „e 
U*t eouro... a „ d . proj . =tion ^ £<>r ^ ^ 



by the light modulating device; herein a liq uid crystal device 
according to one of claims 1 to 5 is used as the ^ ^ 

(Claim 7, A projection type display apparatus c «p rlsi „, : a light 
source; . light modulating devioe ^ ^ ^ ^ 

U 9 ht source; a nd . projaotion ^ £or ^.^^ ^ ^ 
by the light Adulating de vice, „ herein . ..^ ^ 
according to one of claims 1 to , is used for. a blue display portion as 
the light modulating device. 

[Claim e, ta electronic apparatus comprising a l iquid oryst>1 devioe 
according to one of claims 1 to 4. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

Th. present invention relates to li q ui d crystal devices in which « 
pretilt angle with respect to an alignment film and the relationship of 
a space between pixel electrodes to a thickness o, a liguid crystal 
layer are specifically defined, and to projection type display 
apparatuses and electronic apparatuses. b oth of which use the above 
Houid crystal devices. Th e present invention particularly relates to a 
technic for suppressing th. generation of display defects caused by 
disclination lines. 
[0002] 

[Description of the Related Art] 

Hitherto, liguid crystal display devices have been increasingly in 
demand for use in projection type display apparatuses, such as a 



projection television, in addition to direct-view-type display 
apparatuses. However, in the case in which li q uid crystal display 
devices are used for projection type display apparatuses, when the 
magnifying power is increased while the nunfcer of pixels is not changed 
from that in the past, the coarseness of a screen becomes observable. 
Accordingly, in order to obtain fine images even when the magnifying 
power is high, the number of pixels must be increased. . 
[0003] 

[Problems to be Solved by the Invention] 

However, when the number of pixels is increased while the area of 
the liquid crystal display device is maintained constant, in particular, 
in the case of an active matrix liquid crystal display device, since the 
areas of wire portions and switching element portions other than those 
of the pixels are relatively increased, the area of a black matrix 
covering the portions mentioned above is increased. 
[0004] 

m addition, in the case described above, a problem Mv arlse in 
that since the distance between pixels, i.e., the space between the 
Pixel electrodes, is inevitably decreased, when attention is oiven to 
one pi,.! electrode, disclination (rotation and inclination of li qu id 
crystal molecules, is li k .l y to occur due to the infiuenc. of electric 
fields fro, the peripheral portions of other adjacent pijI el electrodes. 
When the disclination occurs, in addition to the wire portions and 
switching element portions, it beco.es necessary that the areas at which 
it occurs be covered with the black matrix. 



AS d.scri.ed above , „ hen the „ aabac of pixels ^ . noroased whue 
the «e a o f the liquid „ ystal display device ^ MintaiMd ^ 
Edition to t„. araaa of tha „ ir . portlQns switohing 
portions, the „.„ , t „ hich ^ disoliMtion ^ 
"ith the blaok natrix , and hMoe o( biaok ^ ^ 

.*t„ n „ ly incraasad with .„ sp . ct to dispUy Aocordlngiyi ^ 

the case desc rib ed a b ove, « aa8 of ap « ture portions „ f ^ ^ 
Which contrive to ^ dispUy< aM deoreased _ that ^ 
r.U. is decreed, rasulting in . d „ kaned dispuy 3cMen ^ ^ 
problem „ ay arisa in that th , inage quai . ty , s 
[0006] 

»e*t, the disp lay defects caua . d by disoliMtlon wm fce described 

d * tail - * liqUid ^ Stal d "P^y havin, a highly (in . 

structure for u9a ln . =urrent pro . e=tion ^^^^ ^ 

Provided „i th . plurality of rectangular plxel ^^^^ arra ^ d ^ ^ 
-trl. each h.vin, a flna vidth „ f approxinataly 2Q ^ i() . 6 _ ^ ^ 

In addltion , in th . hlghly iiguid ^ 

when . reflectiva structur . ls ^^^^^ ^ 

a~.n g ed „it h su bs ta„tia lly no spaces therabet „ een ^ an iMuiating 
-ich covers the sw itchin g . laMnts ^ ^ 

- . l iq uid cr y st al display davioe having refiectiv8 ^ 
becomes po ssi b le that tha space ^ ^ ^ ^ 

decreased to only approximately 1 * lo" 6 n (1 m , . 



[0007J 



in the liquid orystal display devioa desoribsd ^ ^ ^ 
decree space. be t„.. n the piltel . 1 _ tr8d .. # „ ^ ^ ^ _ 

space L b et„ee„ pi * 6l ei.ctro.es 100 and m ^ _ 

" ~ * 1 - I'"' an d a diat . nc . d bet _ n . _ 
electee 1M proyid . d for „ substrata opposing _ 

-ntione. ahov. and th . pixel eleotrodes ^ ^ ^ ^ ? ^ ^ ^ ^ ^ 

" " " " reSUlt ' » — ^r.! eiectric ti e ld . is a Pplied to 
l lq uid c ry sta! pre se»t in the bou „ dary portiM between ^ 

*lect r o d es xoo ah d 101 . For e ^ ± „ ^ _ ^ ^ ^ _ 

.iect„ d e 102 is £ixed at _ voltage by groundin ^ ^ ^ ^ 

to th. pi „ el , leotrod . J00 _ and _ 5 v<)its is appiied ^ ^ ^ 

eiect r o d e 101 so as lo oontrol ^ al±9 _ t ^ ^ 

U^i- cr.stai is used „hich st,„ d s „ ith r8sp>ot t<> substrate ^ 

application of a voltaa^ « = „k 

voxtage, as shown in Fiq. l? « i a f or=1 

■^y. ' a lateral electric field 
».vi„ g «. TOl ts, that W the pot . ntial di£(erMo . betw>M ^ ^ 
-its, is gem in Uquid =rystai ^ M _ correspon<jing ^ 
Pi- Strode 10 . . nd close to the pixel eiectrode ioi _ ^ ^ ^ 
li^id c rys ta a by this lateral elsotric fieid a 

ProhaMUt, o f „. ing align . d ln the dire=tion different that ^ 

»hich the liquid ^ ls naturaUy augned rhat ^ ^ 

in an area at „ hi ch the the r .o f is t o b . control by 

th. pixe! e.ect.o.e ,00. some llquid crystal _ ^ ^ ^ 

direction s iig ht ly dlffer e„t £ron that o f the other liq ui d c^eta! 
-lecuLs. is . result , . liMar dispiay def>ct _ a 

OiscUnation line , ls g . n e„ t e d in . boundary ^ ^ ^ 



boundary li„. indicated by re£erence ^ dr ^ ^ ^ ^ ^ ^ 
crystal in which the ali g „ment direction is s ligh t ly different. when 
the width of this linear display defect was actually measured, it was 
found that the width thereof was approximately 3 x lo" 6 m cn th. 

average . 



[0008] 



Fig. 14 is a view showing the lightness of a pixel .portion of a 

conventional liquid crystal display device, obtained by confuting a 
light reflection state of the pixel portion. As shown in this figure, 
it is understood that due to the generation of disclination lines, the 
luminance in the pixel is decreased at the two sides thereof. 

[0009] 

in order to reduce th. display defects caused by disclination .s 
small as possible, a frame inversion driving method is employed, which 
is capable o, rnakin, as many adjacent pixel electrodes as possible have 
the same pclarity, so that th. licuid crystal is driven by applying 
voltages having the same polarity to all pixel electrodes in .ach fra™, 
when display is performed. However, the frame inversion drivin g method 
has not been able to totally solve the problem described above. That is. 
when whit, or black display is performed over the entire display area, 
the frame inversion driving works effectively, but in a display mcde in 
Which whit, display and black display m both present in ^ 
•rea, th. boundary portion of the white and th. black display become 
nearly gr .y display, and the display at the boundary portion is put in a 
blurred state. F or example, as shown in 13 , in the case ±n ^ , 



letter -a- is displayed in black on , bactground displayed ±n ^.^ ^ 
gray display are. is generated by disclination lines in th<> ^ 
display portion around the outline of the - A . displayed in Mac*, and 
the outline of the ietter "A" becomes blurred, resulting in a display 
*ode having low contrast. In particular, in a promotion type display 
apparatus, the situation become, » r . serious due to a magnifying 
projection display system. 
[0010] 

A3 a liquid crystal driving method, in addition to the frame 
inversion driving method, there may be mentioned, for example. . i in . 
inversion driving method in which the polarity of a driving voltage 
•PPlied to each longitudinal line or to each lateral line is different 
from that applied to the line advent thereto, or a dot inversion 
driving method in which the polarity of a driving voltage applied to 
each pixel electrode is different from that applied to the pixel 
electrodes advent thereto, and since the individual driving methods 
have their own advantages, it is preferable that various driving method 
be selected for projector type liguid crystal panels. However, due to 
the disadvantageous generation of disclination lines described above, an 
unfavorable situation exists in that the line inversion driving method 
or the dot inversion driving method, in which the difference in 
potential between the pixel electrodes adjacent to each other is 
increased, cannot be employed as a driving method for a highly fin, 
liquid crystal panel. 
[0011] 



m addition, among characteristics required for projectors, the 
first required one is currently the lightness. and wh .„ m 
provided at positions corresponding to the pixels so as to converge 
iiqht at the aperture areas, an effective aperture ratio can be i mpr0 v.d. 
Bow.v.r. when the microiens.s are provided, liqht flux density incident 

on the pixel is increased, and hence it is pointed out that since an 

aliquant film is damaged. a b „ OJ ™i alignment of the 

occur in S « cases. Heretofore, for ease of description of the present 
invention, color filters and polaris.rs, which are q.ner.lly provided in 
the liquid crystal display device, are not described, and the aperture 
ratio of the panel itself has been primarily described as the subject. 



[0012] 



The present invention was nu.de in consideration of the situations 
described above. An object of the present invention is to provide a 
liquid crystai device, a projection type display apparatus, and an 
electronic apparatus. The liquid crystal device is capable of 
perforin, briqht display, in which the gen .„ tlon rf 
caused by abnormal aliment of the liquid crystal is suppressed by 
defininq the pretilt anqle with respect to the aliment film .„ d ths 
specific relationship of the space between the pixel electrodes to the 
thickness of the liquid crystal layer. 
[0013] 

[Means for Solving the Problems] 

To these ends, a liquid crystal device of the present invention 
comprises liquid crystal; a p. ir of substrates having ali g „me„t films on 



surfaces thereof, the surfaces opposing each other with the liquid 
crystal provide therebetween; a p lur ali t y of scanning lines; a plurality 
of data lines; and a switching element and a pixel electrode provided in 
•ach of pixel areas defined by the scanning lines and the data lines. 
Wherein a pr.tilt angle with respect to each o, the alignment fi l ms is 
in the range of from 20' to 30-. According to the structure described 

above, since the display defects caused by disclinaticn. are placed 

outside the pixels, it is not necessary that a black matrix for shading 
an area at which the disclinaticn is generated be additionally provided, 
and hence, brighter display can be ensured corresponding to the are. 
described above. 
[0014] 

m the present invention, the alignment film is preferably composed 
of one of silicon oxide and silicon nitride. when the .lign^nt tilM ls 
formed, for example, by ,» obliou. deposition method from the material 
described above, a pretilt angle of 20- to 30- can be relatively easily 
realized, and in addition, since the decomposition of the alignment film 
by light is prevented, the generation of abnormal alignment can be 
prevented. 

[0015] 

in addition, in the present invention, when the thickness (cell 
gap) of a layer of the liquid crystal held between the pair of 
substrates is represented by d, and when the space between the pixel 

electrodes is represented by L, d/L , 1 is preferably held. 

Disclinaticn is increasingly observable as the cell gap d is decreased 



•nd « the s P .c. L hetwe.n the pixel electrodes is dscreased; 
when d /L , , is held . s desoribed abova _ ^ infiuMcs ^ ^ 
electric ri.ld i s decreed, , nd in addition _ apertuM ^ ^ 



increased. 

[0016] 



Furthermore, in the P r.sent invention, the P i»el electrode „, y b . 

f °™ d fr ° m ' "**-»«~ti ag .« hll electrode. When the pix el 
—trod, is ror.ed trOB . light _ ref locti „ g ^ 
elements and wire. can be forMd ^ ^ 

According, the pixel electrodes c.n he disposed at P ositions 
ind. P .ndentl y o f those o f the s„itchin g el. n .nts and the wires. 
[0017] 

Since a promotion t rP e liq uid crystal a PP arat„s of th . present 
invention is provided „ith th. li qu i d cr ys tal device descrihed .hove 
br igh t dis P l. y „„ he performed h y P r.v.»ti» g the displa y detects cansed 
by disclination. 

[0018] 

in particular, „h.n t h. ejection tyP e l iqui d crystal app.r.tus 
arises . l ig ht source. . ligh t ..oduiatin, device tor n odulati„ g light 

,ro n th. li gh t .euro., .„d . promotion iens ror proj ecti„ g the 
11** ..odul.t.d by th. li gh t m odul.tin g device, .nd „hen the liouid 
crystal device descrih.d ahov. is used as the llgh t ,odulatin g device 
bri*t dis P l, y can he perked by preventing th. displ, y defects caused 
hy disclination when i n , g . s .re rifled . nd projected. 
[0019] 



in a ■« , imi lar to the above, „h.n the projection type liouid 
crystal apparatus comprises . light souroe , a Ught modulat . ng ^.^ 
for „odulatin g li gh t fitted fM th . light source, „ nd . projection 
!«. for project!,,, th. li ght modulated hy th. li g ht modulating device, 
and when th. l iq uid crystal device described above is usod for a blue 
display portion th. licht modulating device, display can b. performed 
having an improved blue purity. 
[0020] 

m addition, since an electronic apparatus of th. present invention 
comprises the liqu i d crystal device described above, bright display can 
b. p.rformed by preventing th. display defects caused by disclination. 

[0021] 

[Description of the Embodiments] 

Hereinafter, the embodiments of the present invention will be 
described with reference to drawings; however, the present invention is 
not limited to the embodiments described below. 

[0022] 

<Pixel Portion of a Liquid Crystal Device> 

A liquid crystal device of a first embodiment of the present 
invention will f irst be described . ^ ^ ^ ^ ^ 

liquid crystal device will be described with reference to Figs . 
Fig. 1 is a view showing an equivalent circuit of various types of 
elements and wires of a plurality of pixels arranged in a matrix 
constituting an image display area of the liquid crystal device. Fig . 2 
is an enlarged cross-sectional view of a TFT array substrate showing one 



- 12 - 



of TFTs in Fig. !. In this cross _ sectional ^ ^ ^ ^ ^ 
layers and members to be recognized in the figure, the reduction scales 
of the individual layers and members are ma de different from each other. 
[0023] 

in Fig. 1, in the image d±splay ^ q£ ^ 
according to this embodiment, « scanning lines 3a extend in the lateral 
direction, n data lines 6a extend in the longitudinal direction, and 
TFTs 30 and pixel electrodes 9a are arranged in a matrix so as to 
correspond to the cross portions of the scanning lines 3a and the data 
lines 6a. A gate electrode of the TFT 30 is connected to the scanning 
line 3a, a source electrode of the TFT 30 is connected to the data line 
6a, and a drain electrode is connected to the pixel electrode 9a. In 
addition, scanning signals G1 , G2 , ... Gm , wMch are Bequentlally place<J 
at active levels at predetermined timings, are applied to the m scanning 
lines 3a. Furthermore, in a period of time in which a certain scanning 
signal is placed at an active level, image signals SI, 82 • - ■ Sn are 
supplied in a line sequence manner in this order to the n data lines 6a 
or are supplied to each group of a plurality of the data lines 6a 
adjacent to each other. 
[0024] 

Accordingly, when a certain scanning signal is placed at an active 
level, all TFTs 30 connected to one scanning line 3a to which said 
certain scanning signal mentioned above is supplied are simultaneously 
Put in an ON state. in addition, during the period of this ON state, 
the image signals SI, S2 •-• Sn which are supplied are written in 



~ ua l pix91 81ectrodes 9a of sald one scanning line ^ 

- are -Ui- £ or . P redet.r»ine d ti „ e batW8e „ eiectrodss 
a- a counter electrode £ _ d on ^ ^ 



[0025] 



Sl "' "~ " d — - - — i. r . gg re g .t. o f 

- l iq „ id crystal „ ohanged ^ a _ dance ^ ^ ^ 
allied thereto, . ll gh t passing uquid oiyst>i ^ 

- .r.yscale disp l ay can b . pMforMd ^ Bhen iiguid ^ ^ 
-iv.n i„ a nor»ally-„hite mod ., inoident ught ^ ^ t ^ ^ 
^ th. l iguid „ ystal porUon ^ ^ ^ ^ 
thereto, and „ h .„ . normally . bl , ok ^ ^ incidMt ^ ^ 
-o„ed to p ,s s through the liquid crystai portiM ^ ^ ^ 
-ta g . appUed th6reto , whereby _ m ^ ^ ^ 
intensity corr.s p o nd i„ g to a „ image sigMi ±s ^ ^ ^ 
= W al x. order to preyent leakage of retained ±mags 

. stor. g e capacitance 70 is addlt±onaiiy provided ^ paraiiei 
a li q ui d crystal =apaoitan=e ( _ d betKeen ^ ^ 

and the counter electrode. Bv thi, .» 

By this storage c, p .= ita „ce 70, the volt.g. 
« the ^ electrode ba a UM approxiMteiy 

.* ™ g „itude ion.er than th . tl „ e uMoh ^ source ^ 

« and h.no. the retention characteristics are !„, 

~r-» a l iqu i d crystal d eyice h.„in g a hi g h contrast ratio can b e 



realized. 

[0026] 



— t. as shown i„ the enured cross-sectional view o f 2 , 



above th. IrT arra v substrite 10 _ a piMi ^^^^^ 
element, 30 is P rovi d ed at . lo „ tion adjicent ^ corresponding 
Pixel electrode ... In addltlon> ^ pixei eie=trode ^ ^ 
alignment film 16 is provided >t the ^ ^ ^ 

^ b * 10 "' ~" — " i- — ed to th. countor 

substrate, having th. counter el . ctrode ^ m aUgnmBnt fiin ^ 

thS " 0n ' "" h " ^ ,.P th.reb.t„..n, and ... Uquid 

layer 50 i. £orMd by £illing the Uquid crystai ^ this ^ ^ 

addition, „ h . n the di£farMce ±B voltsse ^ 
and the TOM „ .l.ctrod. is M pr8sent> ^ ^ ^ 

arranged to be placed in . predetermined alignffiMt stat> becauso ^ 
alignment films provided at the two substrates. 



[0027] 



On the TFT arrav substrate 10 . a first shading film „. ls provlded 
at a location opposing the piltel switching m ^ ^ ^ 
fil- U. is preferably compose, of a m.t.1 element. .„ , lloy , . metal 
S .li=id„ or the ll k e containing at least one opagu. metal having a high 
siting point select.. ft » Ti , Cr , K , ^ ^ prf ^ ^ 

forced from the material mentioned above, the first shading f ilm llm is 
not d .stro y .d and is not melted during subsequent treatment at . high 
temperature. In addition, the f lrst shading fil » lla _ pr „ ent 
-turned light or the li k e returned from the TFT ,rr. y substrate 10 side 
from entering a channel region ,.. ,„ d LDD regions lb and 1c of the 
Pixel switching TFT 30, and hence th. characteristics of th. pl,.l 
switching TFT 30 can he prevented ^ ^ ^ ^ 



of photocurrent . 
[0028] 

Next. . £irst interim insulating fll „ u ^ ^ 
first shading fil m „. and a plurallty of th , pixel s „ itohing ^ 3o 
The first int.n.y.r insulating , iln 12 is provl<Jed for . le=trioaUy 
insulating a semiconductor l.y. r la constituting the pix.l switching TFT 
30 fro the first shading fI1 . „, In addition, sine, being for™d 
over the entire surface of the TFT array substrate 10, the first 
int.rlay.r insulating fil m la also serves as an underlying l. yer for the 
Pixel switching TFT 30. That is, the first interlayer insulating fi l m 
12 has the function of preventing the characteristics of the pixel 
switching TFT 30 fro being degraded by a roughened surface of the TFT 
array substrate 10 caused by polishing, stains refining thereon after 
—ing, or the lixe. The first interlayer insulating fil„ „ ls fotmed , 
for ex.„ple, of a high insulation glass, such as »SG ( no„-dop.d silicate 
91—), PSG (phosphorus silicate glass,, BSG .boron silicate glass,, or 
BPSG (boron phosphorus silicate glass,; a silicon oxide fil m; or a 
silicon nitride fil m . T h. first interlayer insulating filn, 1 2 described 
•bove can also prevent th, pixel switching TFT 30 or th. lix. fro* being 
oontaMnated by the first shading fil m lla . „h en an opaou. Si substrate 
is used for the TFT array substrate 10. th. first shading £i l n n . ls 
not required. 
[0029] 

Subsequently, a gate insulating film 2 is formed by thermal 
oxidation treatment or the l ike on the surface of ^ semiconductor 



layer ,. constituting the pixel switching TFT 30. and in . dditlon , tne 
tannin, li„. 3. co»pose d of . pol y cr y stalline silicon film is ^ 
Accor d ingl y , . part of th . scanning llM 3S crossing seinlconduotor 
layer 1. serves .3 the gate electrode of the TFT 30, and a part of the 
semiconductor U ? „ 1. under the scanning li„. 3, serves as the channel 
-gion In , ddition , in parts ^ ^ ^ ^ ^ 

are a dj .o.„t to the channel region . t the two si d es thereof, a 

lightly d ope d source region { LDD region at the source si d e, lb , nd . 
lightly d ope d drain region (LDD region at the drain side, le .re 
Provided, and outside these LD D regions, a highl y doped source region id 
and a highly doped drain region i. are provi d e d , respectively, whereoy 
the TFT 30 h .s a so-c.lle d LDD ,lightl y d ope d d rain, structure. x„ the 
individual regions lb . 1o , ld , and „. ^ by ^ ^ 

predetermined concentration thereof, the dopant being selected in 
accordance with the formation of an n-type or a p-type channel. Kelated 
to this, the n-typ. channel TFT has an advantage of high processing 
speed, and hence the „-type channel TFT is used as the pixel switching 
TFT 30. i..., a switching element for the pixel, in ^„ y „„,.. 
[0030] 

in addition, as a material used for the pixel electrode 9a, . 
transparent conductive fil m such as XTO (i n d ium tin oxid „ 
used in a tr.nsmissive type, and on the other ha» d , in a reflective type 
a conductive film having high reflectivity, such as .1 or Ag, My be 



used. 



[0031] 

The highly doped source reqion Id of v.— 

region id of the semxconductor layer la 

constitute the TTT 3„ is oonnected to ^ data Um ^ composed ^ a 
sh. d in g thin-fil* containing . Mtal fUm h>ving m iw ^ 
- M. or in , lloy £ilm , suoh as ^ Mtai suicid9 _ a ^ ^ 

P.netratin g th. aat. insulati„ g film 2 a „ d . seoo „ d int „ layw 
insul.tin, H1 . ,^ on the other ^ ^ ^ ^ ^ ^ 
1. i- connects to th. associate pi.,.1 . lectrode 9a vi . . ^ 
8 Penetr.ti ng the g at. i„sulatin g film 2 , the seoond int . rlay „ r 
ins„latin g fil„ 4. ,„ d « third int.rl. y .r insulatin g £ilm Jn 
coition, the ni g „l y dop . d drain r . gion le pij(ei ^^^^ 9a 

»«y b. .l.ctric.ll y connect.. to _ h other ^ ^ _ ^ 

a. that for the *u line 6 . or th. sa m e pol y c rys talli„e silicon fllB as 
that for the scanning line 3a. 
[0032] 

The TFT 30 preferably has th. IjDD structure as describe, abov.; 
however, an „f fse t stru=ture My be ^ ^ ^ ^ 

plantation is not perform for th. l ight l y do p. d sour=e region Jb ^ 
th. l igh tl y dopad ^ regio „ lc _ „ , seif _ aiign m ^ be ^ 

in which i„purit y ions are i„pi. n ted at a h ig h.r concentration by usi„ g 
the 9 at. electrode 3. as . Mk so as to f _ . ^ ^ 
r. g ion a„ d a hi g hl y d op. d dra i n re g io„ in a self-,l igMMn t banner. 



[0033] 



in action, a hi g hl y d o P e d r.oion !f, a dj ac.„t to th. hi gh l y dop . d 
d rai„ r. gi on 1. of th. semiconductor la y .r la constitute th. TFT 30, 



— . *. . « which . capaoit _ Um 3b is f _ 

— lf h.s . lou resist _ flccordingly _ the ^ ^ 70 

M " ^ ^ ' ~ tWebetween . 

—trie „ at . rial . slnM dieiectri= Mtsriai ^ ^ 

«- siiico „ fil „ for the m 3o fcy high 

. thin insu la ti» g fil „ having , b _ voit>ge _ ^ 

area and a large capacitance. 



[0034] 



- . -H, b y e f£ ective ly using . sp , oa than 
.erture a r. a , the _ _ ^ _ _ ^ ^ ^ 

- -ne 3.. the stor ag . capacitano . of pixei eis=trods 9a 

-» - In . ddition , th . plxal eiectrode ^ ^ be 

above th, data line 6a „ the s= 

g iine 3a with an insul a tin g fil m 

provided therebetween. 



[0035] 



In this embodiment, a sinal. a.t. * 

9 g.t. structure is , orm e d in „ hioh on 

one g .t. eieotrod. (data lin . 3a , o£ the P i,ei switching TFT 30 is 

— - gat e eiectrodes ^ be provided ^ ^ _ 

-scribe. . bo ve, th. san . signal applled ^ ^ ^ 



triple gate structure. l.akag. o£ current „ t th . ju „ ctions o£ ^ 
channel with the sourc. and the dr.in regions can be prevented, and 
hence, current in .„ OBT state can b. decreased, when at Last one of 
the gate electrodes described above is formed to have the LDD structure 
or the offset structure, the off current can be further decreased, and 
as a result, a stable switching element can be obtained. 
[0036] 

Next, in th. liquid crystal display d . v i oe h . ving the structure 
described above, the relationship among the pretilt angle of the liquid 
crystal with respect to the alignment film, the space between the pixel 
electrodes 9a. and the thickness of th. liquid crystal Lyer is 
investigated. For e.s. of description, as shown in Fig. 3, a space 
between body portions 9,1 of th. pixel electrodes 9. is represented by L 
("10 »), an alignment pitch between the pixel electrodes 9a is 
represented by P «x 10 "« n) . and th . ^ ^ ^ ± _ _ 

distance between th. alignment film l, at the substrate 10 side and an 
alignment film 22 at , substrate 20 side, o, the liquid crystal layer is 
represented by d ,x lo" 6 „, . In addition , „ „ gle ^ 
formed by the long axis of th. liquid crystal molecule and th. surface 
of th. substrate (alignment film) is represented by 6p. 
[0037] 

m ^structure shown in rigs. 1 and 2, the alignment pitch P was 
=.^25 x lo" 6 m, and the si 2 e of the pixel electrode 9a was set to 15 x 
lo" square (accordingly, the space L was 10 x lo - ^ m) . m addition, 
the cell gap « „ as set to , x lo" 6 m. Furthermore, the alignment films 
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16 and 22 were formed from Sio 2 , which i«, *„ ■ 

2, wnxch is an inorganic material, the 
-tut „ gle 6p „ as S8t to „. by ^ oMique depositiM ^ ^ ^ 

twist noetic , lignMnt mode m >ngie ^ ^ ^ ^ ^ 

substrates was former? t„ *-u 

a™-, m t he Mae deaoribed above< the produ=t ^ rf ^ 

the refractive anisotropy An of a 

FY An of a negative type nematic l iquid crystal 

and the cell gap d was set to 0.48 x 1 0 " 6 ra . 

[0038] 

xn addition, ilthough not sho „„ ±n ^ ^ 

— ,0 „ „ with ienses ^ ^ ^ photosMsitiva 

».*». .c rylio adh . 3ive _ ring ^ ienses _ ^ ^ ^ ^ 
th. rear surf . ce (upp „ si(Je) of ^ 
[0039] 

und. r t h e condition, de S c rlb . d abov .. uhile the ^ ^ ^ 
lat„ al el . ctric fields from adjacent pixei ^ ^ 

into con s id. r .tio», t h . state o f ligu id c rystal alig _ t _ ^ 

*~ — ti„ g ths lightMSS at _ piitei eiectrod> ^ ^ ^ 

™ to the convention. ^ 9h _ M> . , ( ±t ^ 

d isplay d . £ eot s , whlch are oaused by disollnation _ aM =ieuiy 

decreased. 

[0040] 

in th . cas . in „ hi o h th e pratil t „ gle e. „. ch .n g .d 

— - .n-d „ fixed to 0 . 48 ^ n _ sary _ d _ = ^ 

- Uctance o bt .i„ed „ he „ t h e dot i„_ ion ^ ^ _ 



as a driying raethod and ^ ^ ^ ^ 

computing are also shown in this Table. 
[0041] 



[Table 1] 



Pretilt Angle 
( degree ) 


0 


1 5 


io 1 7o 


30 


40 


50 


An 


0.15 


0.148 


0.145 


0.13 


0.108 


0.08 


0.057 


Cell Thickness 


3.2 


3.24 


3.31 


3.7 


4.4 


6 


8.4 


Reflectance (%) 


42 


44 


45 


56 


60 


62 


63 


Response Time 
(ms) 


46 

\ 


47 

_ 


50 


62.7 


72 


165 


324 



[0042] 

- can be seen in Table 1, it is understood ^ ^ _ ^ ±> 

urease, wh en the pretilt angle Bp is 30* or more. In action, since 

it has been known that the response time is increased i 

increased ln Proportion to 

the square of the cell gap d the tr«n^ ■ 

P d, the trend ls not preferable in which the 
cell gap d is increased. Furthermore, the reflet 

' 6 reflectanoe ^ decreased when 
the pretilt angle 9p is 20 ° or less an H +u 

or less, and the reason for this is that 
declination occurs. Accordingly it * „ 

ngly, at ls considered that the pretilt 
angle 6p is preferably set in + 1, 

aciy se t ln the range of from 20° to 30°. 

[0043] 

- d es „ ibed above , sinc> being inoreased ^ ^ ^ ^ ^ 
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- of the ^ electrio £ieid te 

1- » K ighly fine p . Ml . In additio ^ ^ described ^ 
-M. lf th . r . Eponse tiM is lnoraased ^ ^ d ^ 

- =o„c.„ ing the lightness , „ hm ^ d ^ ^ ^ 

in „ hioh the in , is MlntaiMd constant( ^ iiguid ^ 
W ing . hlgh 4n is required . Houever _ ^ ^ 

^ c rystal ,» teirials having a ^ ^ ^ smii _ ^ ^ ^ 

^u id e rystal Mntioned is disadvantageoua ^ ^ 

of view. 

[0044] 

in the _ e in „ hlch th . ^ p ^ ^ ^ 

el~ trod . a „ as sat to 10 _ ^ oeii ^ d ms Mint ^ Md ^ ^ 

COMtMt V " 1U ° " ^ - «" — - ~ »*lo „ ith the chang . 
in SP «. L betw . en th . pixel eleotrod>s _ ^ ^ ^ 

shown in the table below (Table 2). 

[0045] 
[Table 2] 









L (^ra) 


1 


2 


3 


4 


d (^m) 


3.2 


3.2 


3.2 


3.2 


d/L 


3.2 


1.6 


1 .06 


0.8 


Aperture Ratio 
(%) 


90 


80 


70 


60 









[0046] 



in this embodiment, the pretilt angle Gp is set in the range of 
from 20° to 30°. m order to decrease the influence of the lateral 
electric field, increase the aperture ratio, and obtain high contrast, 
d/L , 1 mus t be held between the cell gap d and the space L. In the 
case of a normally white display mode, although the space between the 
Pixel electrodes is decreased so as to have a high aperture ratio, light 
leakage occurs in black display by the generation of lateral electric 
fields. Due to the light leakage, even though the aperture ratio is 
high, bright display having a high contrast cannot be obtained. The 
contrast ratio of the li gu id crystal display device for a current 
projection type apparatus is required to be 200 or more. m order to 
fulfill this requirement, the conditions described above are necessary. 
[0047] 

Accordingly, when th . pretilt „ gle ^ ± . ^ ^ ^ ^ ^ ^ 
20- to 30-. ,„ d m addition, „ hen the =eU gap d spac> l ^ ^ 

such that d/L * 1 is held, th . probability =f th> gen „ at . on of 
disclination linos is decreased in th. pixel even when there is the 
influence of the lateral electric fi.ids by other pixel electrodes 
.decent thereto. „ . result, even in a highly fine display structure, 
display haying hlgh ^. lity „„ d . h . gh oontrast rat . o b> perform ^ 
[0048] 

<Entire Structure of Liquid Crystal Device> 

Next, the entire structure of the liquid crystal device according 
to this embodiment will be described with reference to Figs. 4 and 5 . 
in Fig. 4, on the TFT array substrate 10 and along the periphery thereof, 



. sealing material 52 is p „ vlded _ Md in parauei ^ insids 
« shading film 52 i. provided „ a peripheral deUmiter ^ Jn an 
outside the sealing material 52, a data line driving circuit 101 and a 
hunting terminal 102 are provided along one side o£ the TPT „ ray 
substrate 10, and along two sides thereof adjacent to said on, side 
mentioned above, scanning line driving circuits 104 are provided. when 
delay o, scanning signals supplied to the scanning lines 3a does not 
oause a problem, the scanning line driving circuit 104 is naturally 
provided along one of the two side described above, m addition, the 
data line driving circuits 101 may be provided along two sides of th. 
image display area. Furthermore, along the remaining side of the TFT 
array substrate 10, a plurality of wires 105 is provided for connecting 
between the scanning lin . cir=uits 1M ^ ^ ^ 

sides o, th. image display area. As shown in Fig. 5. the counter 
substrate 20 having an outline approximately equivalent to that of the 
seaiing material 52 is tightly bonded to th. TFT array substrate 10 with 
the s..li„g serial 52 so as to hav. a predetermined „p d therebetween, 
.nd in addition, liquid crystal is enclosed in the space thus formed, 
whereby th. liquid crystal layer 50 is formed. Th. s..l ing M t.rial 52 
is an adhesiv. composed, for exampl., o, a photocurabl. resin or a 
thermosetting resin, .„ d spacers ( not shown in the figure, in the form 
of a bar or a sphere ar. added to and mixed with this s.aling m . t . r ial 
52 so that th. predetermined gap d can b. maintained. 
[0049] 

in addition, at one side of the counter substrate 20 on which 
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10 £ ™ „ hich light is enittedi s poiariz±ng fiim> Mtardation fiiin 

Poller, or the like „. optioMlly providsd ^ predit>rmiMd 
directions. for example , in aocordance with an operation ^ ^ ^ ^ 
» n . Mtlc) mod ., „ ST „ (super ^ ^ ferroeiectric 

lioui d ^ , m , mod . ; „ „ normally .„ hit . mod> m , normaUy _ blaok 



mode 

[0050] 



Since the lioui d crvsta! devloe Qf ^ ^ 
i* appliec to . ccior liquid orystal projectori thr>e iiguid 
devices ar . UBed as light valves ^^^^ ^ ^ ^ 

describe. b e lo „. light having ^ ^ ^ ^ 

for hob color separation is lncident on „ ach o£ ^ ^ 
device as projection light. 



[0051] 



Accordingly, in this embodiment, color filter „ r 

, <-oxor niters are not provided at 

the count., substrate 20 si d e. Ho „e V er. on the counter substrate 2 0 
coior £il ters f or RGB My bs pcovid . d ^ . ^ ^ ^ 

°PPOsin g the pi,., . leotrod . s , a . A „ ording ^ st _ ture 
•We. in action to th. liquid crystal proj6ctors _ ^ ^ ^ 
devices o£ th. e*o d i Mnts My be applied ^ ^ ^ 
apparatuses, such as a d ir.ct-vi.„- typ e or a reactive t y p. co.or 
ii^uia crvetai tension. In addition , by depositing # ^ 
mt.r £ .r.nce having different ^ ^ ^ 

=n the count.r substrate 2 0. a di chroic tilt .r ra . y be £o r Md „hich 
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produces RGB colors using the light interference. By the counter 
substrate provided with this dichroic filter, a brighter color liquid 
crystal apparatus can be realized. 
[0052] 

in addition, as the switching element provided in each pixel, the 
normal stagger type or the coplanar type TFT composed of polycrystalline 
silicon was descried; however, other TFTs , such as an inverted stagger. 
TFT, or a TFT composed of amorphous silicon, may be effectively used in 
the embodiment . 

[0053] 

in this embodiment, the structure is formed in which the pixel 
electrode 9a is driven by using a TFT; however, in addition to the TFT, 
an active matrix element such as a TFD (thin-film diode) may also be 
used. m addition, the liquid crystal device may be formed as a passive 
matrix liquid crystal device. 

[0054] 

Fig. 6 is a view for illustrating driving methods applicable to the 
liquid crystal device of this embodiment for driving. First, when each 
rectangular area defined by lines as shown in Fig. 6(a) is assumed to be 
one pixel, a method for applying voltages having the same polarity to 
all pixels enclosed by a frame may be employed, in other words, a frame 
inversion driving method for repeatedly applying voltages to individual 
frames may be employed in which a positive potential is applied to every 
Pixel enclosed by the frame shown in Fig 6(a), and a negative potential 
is applied to every pixel enclosed by the other frame which is not shown. 



Secondary, as shom in Fig . 6(b)> a invMsion ^^^^ ^ ^ ^ 

ln " hiCh " 0lt ^ — — —it,.. are a PP lied to 

individual pixels adjacent to each other in th i 

cn other ln the longitudinal and lateral 

rolt " SeS h * Vlng dl "- nt - «~ to each other in 

the iater.i direction „ ^ a ^ ^ 

""""" h " Vi " 9 dl """ nt — «« - ^ -^t to each other in 
th. longitudinal direction may be .ployed. 
[0055J 

Xn . convention hig hly fin . llquid orystsl ^ ^ ^ 
structure in „ hich bat _ n plxei aiictrod>s _ ^ 

lately ! . 10 - „ the £ _ inversion ^ ^ 

-nod to he e^loy.d be c.use of th . influenoe ^ iaterai 
— Th . reason for this is that ^^^^ ^ ^ 

the ^e inversion drivin, is perfotMd , ^ ^ ^ ^ ^ 
«. cases due to th. generation o f di.oiin.tion lines. ln contrast 
-en the structure o £ this e*odi„e„t is . nploy9d , _ ^ . dtiving 
— d is e^ loyed in „ hi=h voltages wing difterMt ^ 
*PPUed to the pil ,. ls adj _ nt to othar> t ^ probsbiiity ^ ^ 

-.ration or disclination Um in th . ^ _ ^ ^ ^ 

"suit. ...» „ he „ th . dot inversion driving n ethod shown in Pig . 6(b) or 
the line inversion driving Mt hod shown in F ig s . « (0) or «,„, is 
-Pioyed. the generation o £ the disclination c.„ b . s uppr e S s.d 
*<™*ly, in thls 610bodiment _ sinoa ^ ^ ^ ^ ^ ^ 

- *or the l iqui d crystal device, the a ppli cations thereo f can be „ore 



increased. 

[0056] 
[Second Embodiment] 

Next, a l iquid orystal devioe o£ , se=ond enbod . ment of ^ asent 
invention win b . described . In ^ ^ ^ ^ 

array substrate 10 of the first e„bodi„e„t is oomposed of „ 
s.„iconductor substrate, and pixel-switching active elements are for.ed 
in the semiconductor substrate. ln th . oase desoribed ^ ^ ^ 
semiconductor substrate has „o light-transmitting characteristics, the 
liquid crystal d evice is used as . reflective type ^.^ 
[0057] 

Fig. 7 is . cross-sectional view showing th, structure of one 
pixei-switching fieid effect transistor in the reflective ii q ui d crystal 
device according to this embodiment. The ec.iv.lent circuit of this 
iiguid crvst.1 device has not a„ y different point from that she,™ i n the 
first embodiment. 

[0058] 

in the figure, reference numeral 101 indicates a p-type or an n- 
type semiconductor suhstr.t. such as single crystalline silicon, and 
reference numeral 102 indicates . p . type „ ^ ^ ^ ^ ^ 
has an impurity concentration higher than that of the semiconductor 
suhstr.te 101 and which is formed in the surface thereof, xh, well 
region 1M is not sp.cific.ily l im ited ; however, i„ the case of a highly 
fine liouid crystal panel having pixels, for example, co-posed of not 
less than 768 in the longitudinal line b y !.o 2 4 in the lateral line, the 
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~ the _ on „ all region My be fo _ d ^^^^^ ^ ^ 

c ir c„ its , „ input . output clrcuit _ a oir=uit _ ^ 



[0059] 



numer . 1103 indicates , fieid oxide 
X.OCOS, for sl e Mnt isolation forned on 

rrace of th « semiconductor 

"1» .03, and . gate el . ctrode 105a Md ^ soaMing ^ 
.o^^ silioo „, a „. tal siUcid6i ^ ^ ^ ^ ^ 

— po rtion in s lde th . opMing MntloMd Md ^ ^ ^ ^ 

^ u« by thermal oxidation of the surf _ ^ siiiMn 

IB . dditlon , a ioea Md a ^ ^ 

— cc^ea of . n . type ^ urity iayer) ^ ^ 

i^rit, ~ iol high . r than ^ ^ ^ ^ 

, t ths subBtrat . surfa=e side ^ ^ ^ sides ^ ^ ^ 

electrode 105a, whereby a f ie ld eff^i- ^ 

7 txeld effect transfer (FET, switching 
element) 105 is formed. 



[0060] 



layers 107a and i07b _ of ^ £irst ^ ^ 

<Wo„ phosphorus sillcate glasa) £iim M ^ 
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The first conductive layer 107a is electrically connected to the source 
region 106a via a contact hole formed in the first interlayer insulating 
film 104 to for, a source electrode (corresponding to the data line) for 
supplying a voltage of the data signal to the source region 106a. m 
addition, the first conductive layer 107b forms a drain electrode in the 
first interlayer insulating film 104. 
[0061] 

Next, , second interlayer insulating fil* 108 composed of silicon 
dioxide or the like i. f or„ed on the first conductive layers 107. and 
107b, and in addition. . second conductive layer 109 composed of an 
alu^nu* layer or a t.„ t .i UK lsver is formed o „ ^ 
insulating film 108. 

[0062] 

Furthermore, on the second conductive layer 109, an insulating 
layer 110 is formed from a material having a high dielectric constant, 
such as silicon dioxide, silicon nitride, or tantalum oxide, and a pixel 
electrode 112, which is composed Qf a light _ ref lecfcing ^ 
is connected to the drain electrode 107b, is f ormed on the insulating 
layer 110. The pixel electrode 112 described above and the second 
conductive layer 109 are formed with the insulating layer 110 provided 
therebetween. As a result, holding capacitances 113 are formed. 
Accordingly, the second conductive layer !09 preferably has a planarized 
surface. m the structure described above, a wire is electrically 
connected to the second conductive layer 109 for applying one 
predetermined potential selected among a common potential electrode Vcom 
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of th. u quid c rys t al panel or . potentlal in vicinity tha _ f; ^ 
cnt.r potentlll of the Mplitude ^ a TOitsge (dsta ^ voltage ) 

.PPUea to th . pilIsl , laotrode (rafiective >iecttode) n2 ^ ^ 

- th. vi. laltf thereof; and „ intemedlste potMtiai bet _ n ^ 

^ eleCtr0dS - «- — P ot.»t ial of th. volta99 

-pllt*. desorib . d ibove . The _ ele=trode potMtiai ^ 

cot r . sponds to an inversion cMtrai potMtial pQiarity inversion 

driv. of th. l iquld crystal layer . s perforMd 

[0063] 

- .Strode* 12 aholm in Fig . 7 m a „ anged ^ ^ ^ 

shown in th. iigur . la £ormed on thes . eiectrodes ^ ^ ^ 

suh str „te . qui „. lent to that in the first ^ odiMnt ^ di ^ sed ^ ^ 
— o PP o sing th. substrate 101 , Md in addition _ a 

«T-t.x lay « is held bet „. M th . substrstes _ whmby ^ ^ 

liquid crystal display d . vioe is forMd> 
[0064] 

xn th. SMi eo„ a „oto r substrate o£ the iiquid crystsi dispi ^ 

-1- a=oo rding to this M co„ d .*o diMnt . lm th . struoture o£ th . 
P^lo us .^ odiMnt d . sorlbed ^ ^ ^ ^ ^ ^ ^ ^ ^ 

«- o, fro » 2 „. to 30-c. a nd in . ddltion , „ hm the Mlationship 

th. Pr o b . bility o £ th. g . n . ration of dis=lination ^ dec _ ed ^ 

the Pixel .™ „ h „ in£lusnoe of the lat „ al eieotrio £isids _ whi=h ^ 
~«~ by oth. r pi „. ls adjao „ t th . ret0i ^ giv9n ^ pixai ^ ^ 
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r~.lt. e„ a „ though . highly fiM ^ forned _ ^ ^ 

hi,h ^aiity „ d . hlgh oontrast ratio Mn be perforMd 

[0065] 
<Projector> 

~t. several applioations uslng the iiqu±d crystai ^ ^ 

—U-t. de3 „ ibed „ iu ba d . s=ribad _ pitst _ m ^^^^^ ^ 

^pW app « atus . (llquid orystai proj9ctorli whi=h uses ^ 

cr ystal d .„ ices as light valvas _ be ^^^^ ^ 9 ^ ^ ^ 

sho„i„ g the structure of th . liqu . d ^^^^ projecto ^ 
[0066] 

«- u quid „ ystal proj . ctor compriees ^ poiari2ing iiiumiMtion 

«K»» a systsm optical axis L _ an lnt . grator ?2o _ ^ 

POl " ri!,U ™ 73 ° ; * ~- fitter 74 . having . 

S " POlad! " — >« *« — lng s . polari2ed 

U*t fiu.es Mitted from the polarizing illunination devio> a 

-iohrolo ^ li2 separatlng , componMt ^ ^ 

~«~t«, * M the s - polarized light £lux Mfieotion surfsce mi ^ ^ 

Polaris u*,t beM splitter 740i . refleotiv . orystai ught 

v.!v. 745B modulating the a . patated biye ught (bj; ^ ^ 

S e P ,„t i » g . red light (R) =omponmt by r ^ ieoting ^ 

cbt. in . d a£ter the blM light oompoMnt is separ>tad; ^ 

li^id ~yst al light vslve 745E nodulating the eeparat8d Md ught 

- — . liquid c rystal light valve 745G ^^^^ reMining ^ 
U*t , 0) passing through t „. d±chroio n±rror ^ 



optic,! s y stem 750 „ hioh synthesi2e ^ i±ght ^^^^ ^ ^ ^ 
reflective li qu i d crystal llght valves 745r _ 7<5G _ ^ ^ 

dichroic mirrors ,„ , nd 742 „ d poiarized ^ 
and which projects this synthesize. lig ht on . ^ ^ 

structure, the reflective ligu id crystal d ispl a y devioes m ^ 
panels, according to t he mboilMm „ for ^ ^ 

liquid crystal light, valves -745«, 745G, and 345 „ 

[0067] 

in the structure describe, above, after random polarized light 
fluxes emitted £r - the light scurce portion 71 . m separated ^ „ 
Plurality c £ intermediate li ght £tass by the lntegrator ^ ^ 
intermediate iight tta6 . «e convert.. into one type of polarized light 
nuxes (s-polariz.d light fluites) , ln ^ ^ ^ 
substantially identical, by tha p o la ri 2ation ^ ^ ^ 

seco„ d integrator lens at a l ight inoidant side ^ ^ 

polarize, light fluxes then reach the polarize. light bea „ splitt „ 
The s-pol.rized light fiuxes emitted from the polarization converter 730 
«e reflected f„. the s-pol.rize d light flux reflection surface 74! of 
the polarize, light beam splitter 740, ,„ d of the reflect.. light £lux . s 
a blu. ,., lig ht flux is reflecte. fro, a blue lig ht reflection layer of 

the dichroic mirror 74? »nri i ^ *-u 

and rs then modulated by the reflective liquid 

^stal l igh t valve 745B. of the light fluJ!es p ^ iag ^ ^ 

lioht reflection layer of the d ichroic mirror ,4 2 . a red ,„ llght „» 
is reflected from a red li ght reflection la y er of the dichroic mirror 
'« and is then modulate. b y the reflective liquid crystal light valve 
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745R. In addition , . greM (G) light pass±ng through ^ ^ ^ 

reflection layer is adulated by t „ e reflectivs ^ 
Vive 7450. A s describee above , light colors moduiated ^ 

reflective liquid crystal light valvss ^ ^ 

[0068] 

The s-pol.rized light component of the l ight „!„, reflected from 
the pixels of the l iauid crystal ^ ± . ^..^ to ^ 
the polarized l ight be.» splitter 740 reflecting the s-pol.ri 2 e d light, 
but . p-pol.ri 2 ed light component is allowed to pass therethrough. The 
li 9 ht transmitted through the polarized light bea- splitter ,40 forms an 
image. Accordingly, i„ the case in „ hi ch . „ tyP . li quid crystal is 
used for a liguid crystal pane!, reflected light fro. an OTF pixel 
reaches the promotion optical system ,50, and reflected light frc an 
OH pixel does not reach a lens, „her.by . promotion i„ a g. is nor^liy- 
white display. 
[0069] 

in addition, when the liquid crystal display device of the 
embodiment is specifically used for the blue li ght valve 745B, and the 
cut-off wavelength of b l ue l ight is set to 400 nm, display having 
improved color purity can be performed. 

[0070] 

compared to a type having TFT arrays forced cn a gl.ss substrate, 
in the reflective li quid cryst.l panel, since the pixels are forced b y 
using se-iconductor techniques, a larger nu^er of pixels can be forced, 
•nd the panel si 2 e can also be reduced, highly fine i n .ges can be 



projected, and in addition, the projector itself can be miniaturized. 
[0071] 
[Electronic Apparatus] 

Next, particular examples of electronic apparatuses each provided 
with one of the liquid crystal display devices of the embodiments will 
be described. Fig. 10(a, is a perspective view showing an example of a 
mobile phone. m rig.. 10 ( a) , . reference numeral 1000 indicates . a mobile - 
phone body, and reference numeral 1001 indicates a liquid crystal 
display portion using the liquid crystal display device of the 
embodiment . 

[0072] 

Fig. 10(b) is a perspective view showing an example of a wristwatch 
type electronic apparatus. m Fig. 10(b), reference numeral 1100 
indicates a watch body, and reference numeral 1101 indicates a liquid 
crystal display portion using one of the liquid crystal display devices 
of the embodiments. 

[0073] 

Fig. 10(c) is a perspective view showing an example of a portable 
information processing apparatus, such as a word processor or a personal 
computer. In Fig. 10(c), reference numeral 1200 indicates an 
information processing apparatus, reference numeral 1202 indicates an 
input portion, such as a keyboard, reference numeral 1204 indicates an 
information processing body, and reference numeral 1206 indicates a 
liquid crystal display portion using the liquid crystal display device 
of the embodiment. 



[0074] 

Since these electronic apparatuses described above are each 
provided with the liquid crystal display device of the first or the 
second embodiment, highly fine display having a high contrast ratio can 
be performed. 

[0075] 

[Advantages] 

As has thus been described, according to the present invention, 
bright display can be performed by suppressing the generation of the 
display defects caused by abnormal alignment of the liquid crystal. 
[Brief Description of the Drawings] 

[Fig. 1] 

Fig. 1 is a view of an equivalent circuit showing the structure of 
a display area of a TFT substrate of a liquid crystal device according 
to a first embodiment of the present invention. 
[Fig. 2] 

Fig. 2 is an enlarged cross-sectional view showing the structure of 
one TFT of the TFT array substrate. 
[Fig. 3] 

Fig. 3 is a schematic view for illustrating the relationship among 
a pixel pitch, a space between pixel electrodes, and the thickness of a 
liquid crystal layer in the liquid crystal device. 
[Fig. 4] 

Fig. 4 is a view showing the entire structure of the liquid crystal 
device . 



[Fig. 5] 

Fig. 5 is a cross-sectional view taken along the line H— H ' in Fig. 

4. 

[Fig. 6] 

Figs. 6(a) to (d) are views showing voltage distributions in 
individual pixels of driving methods applicable to the liquid crystal 
device. 
[Fig. 7] 

Fig. 7 is a cross-sectional view showing the structure in which a 
Si substrate is used as a substrate of the liquid crystal device. 
[Fig. 8] 

Fig. 8 is a view showing the lightness obtained by computing a 
light reflection state in the liquid crystal device. 
[Fig. 9] 

Fig. 9 is a view showing the structure of a liquid crystal 
projector provided with a liquid crystal device of one embodiment 
according to the present invention. 
[Fig. 10] 

Fig. 10(a) is a perspective view of a mobile phone, Fig. 10(b) is a 
perspective view of a wristwatch, and Fig. 10(c) is a perspective view 
of a portable information processing apparatus. 
[Fig. 11] 

Fig. 11 is a view showing the positional relationship among pixel 
electrodes provided at an elemental substrate side and a common 
electrode provided at a counter substrate side of a conventional liquid 
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crystal device. 
[Fig. 12] 

Fig. 12 is a view showing the state in which disclination is 
generated in liquid crystal alignment by the influence of a lateral 
electric field in a conventional liquid crystal device. 
[Fig. 13] 

Fig. 13 is a view showing the state in which a letter "A" -is 
displayed in black on a white display background in a conventional 
liquid crystal device. 
[Fig. 14] 

Fig. 14 is a view showing the lightness obtained by computing light 
reflection in the state in which disclination is generated in liquid 
crystal alignment by the influence of a lateral electric field in a 
conventional liquid crystal device. 
[Reference Numerals] 

8 • • • contact hole 

9a • • • pixel electrode 

10 - • • substrate 

16 • • insulating layer 

20 • • • second substrate 
30 • • • TFT 

50 • • • liquid crystal layer 
101 ■ • • semiconductor substrate 
105 • ■ • field effect transistor 
112 • - - pixel electrode 
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700 ■ • ■ projection type display apparatus 
1000 • • • mobile phone 
1100 • • • wristwatch 

1200 - • information processing apparatus 



[Name of Document] ABSTRACT 
[ABSTRACT] 

[Object] An object of the present invention is to provide a liquid 
crystal device and a projection type display apparatus, having 
capability of performing high contrast display by suppressing the 
generation of display defects caused by disclination in a highly fine 
projection type liquid crystal panel. 

[Solving Means] According to the present invention, a liquid crystal 
layer 50 is held between one substrate 10 and the other substrate 20, 
and on the substrate 10, pixel electrodes 9a disposed in a matrix and 
TFTs 30 driving the respective pixel eiectrodes are provided. m the 
structure described above, when the thickness of the liquid crystal 
between the substrates is represented by d, and when the alignment angle 
(pretilt angle, of the liquid crystal with respect to the substrate is 
represented by 6p, 20° , 9p , 30° and 1 , d/L are satisfied. 
[Selected Figure] Fig- 3 
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[FIG. 3] 
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[FIG. 4] 
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[FIG. 6] 
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[FIG. 7] 
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[FIG. 8] 
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[FIG. 10] 
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[FIG. 11] 
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[FIG. 14] 



